We studied occupation and activity at a hibernaculum and a maternity cave used by the endangered Ozark big-eared bat (Corynorhinus townsendii ingens). Big-eared bats remained active throughout winter, with many individuals leaving and entering the hibernaculum during the first 2 h after sunset; however, no fresh guano was found on cave floors during winter. Big-eared bats used caves with the coldest internal temperatures in the region as hibernacula and also moved among caves throughout winter. The breakup of hibernating colonies in spring and the subsequent buildup of maternity colonies by adult females were gradual. Nightly activity patterns at the maternity cave changed throughout summer relative to parturition and maturation of young. Females returned to the maternity cave more frequently when their young were totally dependent on them for nourishment. As the young began foraging, females returned only once during the night, and eventually adults did not return to the cave until morning. Ozark big-eared bats emerged shortly after sunset, regardless of brightness at twilight or rainfall, but they emerged at a later time when the young could not fly.
The variation in activity patterns and movements of some insectivorous bats has been associated with differential demands of reproduction (Barclay 1989; Clark et al. 1993; Shen and Lee 2000) , changes in prey availability and activity (Rydell et al. 1996) , and seasonality of ambient conditions (Lacki 1984; O'Farrell and Bradley 1970) . For example, emergence times and duration of foraging bouts of lactating female bats may be earlier and longer than for nonlactating females, given the energetic costs of lactation (Kurta et al. 1990 ). Females of some species have been shown to change activity from early to late lactation * Correspondent: bsclark@sosu.edu (Clark et al. 1993; Shen and Lee 2000) . For example, Clark et al. (1993) noted a trimodal pattern of emergence and return by radio-marked female Ozark big-eared bats (Corynorhinus townsendii ingens) that was associated with midlactation and significant demands of nonvolant young. The need for hibernating bats to conserve fat stores, coupled with low prey availability, should constrain the activity of bats during winter; however, some research suggests that hibernating bats in temperate regions occasionally arouse and become volant during winter (Speakman and Racey 1989; Thomas 1993) .
Foraging behavior and habitat use of the endangered Ozark big-eared bat were described by Clark et al. (1993) and Wethington et al. (1996) . Subsequently, B. K. described seasonal patterns of cave use of big-eared bats by conducting cave searches. However, no study discussed the buildup of numbers of bats at maternity caves or hibernacula, and limited data are available concerning the activity patterns of colonies of big-eared bats throughout the year. Our objectives were to assess changes in annual, seasonal, and nightly activity of Ozark big-eared bats by observing bats emerging from and returning to a hibernaculum and a maternity cave in northeastern Oklahoma. We predicted that 1) winter activity at the hibernaculum would vary with internal and external ambient conditions, 2) buildup of a maternity colony would occur at approximately the same time each year, 3) summer activity of female Ozark bigeared bats would vary relative to birth and maturation of young, and 4) weather and brightness would influence emergence and return to caves by Ozark big-eared bats.
MATERIALS AND METHODS
Our study was conducted in the Boston Mountains of northeastern Oklahoma, a 1,300 km 2 region along the southwestern edge of the Ozark Uplift. The area consisted of small mountains (elevation 240-525 m) covered by woodlands dominated by oak (Quercus), hickory (Carya), eastern red cedar (Juniperus virginiana) , and winged elm (Ulmus alata), interspersed with wide valleys used for livestock and crops. Limestone caves throughout the region were the primary roost sites of several bat species. Notably, only 4 maternity caves and 2 hibernacula are known to be used by the Ozark big-eared bat in Oklahoma.
Seasonal activity was monitored by videotaping emergence and return of bats weekly at 1 maternity colony (no adult males) from sunset to sunrise, from 25 April to 22 September 1987 and from 12 May to 25 July 1988. Bats were also videotaped at 1 hibernaculum (mixed sexes) every 1-2 weeks from 3 March to 10 June 1987 and from 29 September 1987 to 5 May 1988. We sought to minimize disturbance because Humphrey and Kunz (1976) found that human activity in caves occupied by the western bigeared bat (C. t. pallescens) resulted in disturbance to the colony, and we did not know initially how Ozark big-eared bats would react to our presence. Activity patterns were monitored by videotaping emergences and returns of bats through a night-vision scope (Ni-Tec, Model NVS-100, Niles, Illinois) located near the entrance of each cave (Derowitsch and Tipton 1984) . Images were enhanced by placing Wheat lamps with infrared filters (Kodak, Wratten 87, Rochester, New York) over lenses around the opening of the cave to illuminate bats passing through the relatively small entrance (1.3 by 1.0 m). Times of sunset and sunrise were corrected from data for Oklahoma City, Oklahoma (Nautical Almanac Office, United States Naval Observatory, Washington, D.C.), adjusting for longitude, latitude, and Daylight Savings Time. Sunset was defined as 0000 h to standardize data within and between years.
Bats moving into and out of the caves were tallied from slow-motion review of the videotapes, and net number of bats (number of emergences minus number of returns) was recorded in 10-min intervals. Total number of bats using the caves was estimated by adding the net numbers of bats that emerged during consecutive 10-min intervals until more bats entered than exited. Percentage of bats outside the cave was estimated by dividing the cumulative number of bats that had emerged by the total number of bats calculated to be using the cave. On many occasions, numbers of bats that emerged and returned during a night were not equal. Dates of formation and breakup of colonies of bats using the hibernaculum and maternity cave were determined by comparing total numbers of bats using the cave across all nights.
Environmental factors, including lunar phase, cloud cover, brightness, external ambient temperature, percent relative humidity, precipitation, and wind velocity, were recorded hourly throughout the nights of videotaping at the hibernaculum and maternity colony. To determine the range of internal cave conditions available to bats during hibernation, temperature and percent relative humidity were recorded at 26 caves in 1987 (3 contained hibernating big-eared bats) with a Bacharach sling psychrometer 20 cm below the cave ceiling at 1-12 locations throughout each cave, including chambers, passages, and entrances.
FIG. 1.-Patterns of winter emergence of
Ozark big-eared bats relative to ambient temperatures outside a hibernaculum in northeastern Oklahoma. Examples are from 2 nights in November 1987 when temperatures were Ͻ5ЊC and fell below freezing at the end of the night (top) and generally were Ͼ5ЊC throughout the night (bottom). Solid line represents percentage of bats that emerged in 10-min intervals relative to total number of bats that emerged over the entire night (n).
The Kruskal-Wallis test (chi-square approximation; SAS Institute Inc. 1985) was used to compare temperatures between nights when more bats moved out of the hibernaculum and nights when more bats moved into the hibernaculum. Normal approximation to the Mann-Whitney test (Z-Zar 1984) was used to compare temperature and relative humidity between sites within caves used by hibernating big-eared bats and sites within caves not used by big-eared bats. Significance was set at P Ͻ 0.05.
RESULTS
Winter activity.-During winter months, Ozark big-eared bats occupied the coldest regions of the coldest caves available (Z ϭ 3.25, P Ͻ 0.001); those locations also had a lower relative humidity than unoccupied sites (Z ϭ 2.01, P Ͻ 0.05). In the 23 caves not used by hibernating big-eared bats, temperatures were 7.0 -16.7ЊC (median ϭ 12.2ЊC) and relative humidities were 75-100% (median ϭ 94%). Ranges of temperatures and humidities at sites occupied by Ozark big-eared bats were 8.9-9.4ЊC (median ϭ 9.0ЊC) and 86-93% (median ϭ 89%), respectively. Temperatures and humidities did not differ (P Ͼ 0.05) between used and unused caves, but ranges were narrower in occupied caves, suggesting the importance of microhabitat in the selection of hibernacula by Ozark big-eared bats.
Bats hibernated in both twilight areas of caves and total darkness further from cave entrances. Torpid bats were observed with ears either curled or erect. We observed some individuals shivering within clusters of hibernating bats. On 1 occasion, a single Ozark big-eared bat was in flight when we entered the hibernaculum. Although we occasionally observed single individuals hanging torpid from the cave ceiling, most were in clusters of 2-135 individuals.
Some bats were active at the hibernaculum on 14 of 15 nights that the cave entrance was videotaped during October 1987 through February 1988. On 22 December 1987, we estimated that 268 torpid bats were present in the hibernaculum, and 40 bats (14.9%) emerged that night. Most activity occurred during the first 2 h after sunset (Fig. 1) . The greatest net number of bats leaving the cave was 154; on 1 night, 37 more bats entered than emerged from the hibernaculum (Fig. 2) . On the 3 nights when more bats entered than left the cave, median minimum ambient temperature was less than that of all other nights ( 2 ϭ 4.11, d.f. ϭ 1, P ϭ 0.04). The median minimum temperature on nights when bats left the hibernaculum, and apparently moved to other caves, was 6.7ЊC (range, Ϫ0.3 to 13.1ЊC) compared with Ϫ0.6ЊC (range, Ϫ2.8 to 4.7ЊC) on nights when bats moved into the hibernaculum.
Summer activity.-Dates of maternity colony buildup varied between years. Fewer than 25 bats were present at the mater- nity cave from late April through the 1st week of June 1987, but Ͼ100 bats were already present in early May 1988 (Fig. 3) . During May 1988, bats left the cave to forage after sunset and did not return until sunrise (Fig. 4) . Bimodal activity in early June was attributed to the behavior of near-term or postpartum females. By 15 June 1988, activity was trimodal (Fig. 4) ; that pattern continued for 3 weeks in 1987 and 1988. During early July, activity shifted back to a bimodal distribution, which lasted for 2 weeks. After mid-July, bats left at sunset and did not return until sunrise (Fig. 4) .
Activity patterns throughout the year.-Ozark big-eared bats became active and circled inside entrances of the hibernaculum and maternity cave before sunset. As ambient light decreased outside, bats came closer to the entrance and flew in and out several times before leaving to forage. The majority of bats circled together in either direction. Bats leaving the cave often flew nearer to the ground than those entering the cave. Emergence seemed to be a groupstimulated activity; bats flying near the cave entrance seemed hesitant to exit, but after 1 departed, 3-4 would follow.
Mean emergence time for Ozark bigeared bats was 25.7 min Ϯ 1.6 SE after sunset (range, 0-45 min). Time of departure was not affected by brightness of the sky ( 2 ϭ 1.07, d.f. ϭ 1, P ϭ 0.30). Mean emergence time was 25.0 Ϯ 1.9 min after sunset (0-45 min, n ϭ 28 nights) on evenings when twilight was bright enough to cast shadows on the ground, and it was 28.1 Ϯ 3.3 min after sunset (10-40 min, n ϭ 8) when clouds obstructed light. Bats emerged earliest (at sunset) on 2 occasions when twilight was very bright and silhouetted them against the sky. On 3 evenings, it rained during the emergence period, but emergence activity was not delayed; mean emergence time was 33.3 Ϯ 3.3 min after sunset (30-40 min). Harder rainfall may have delayed time of departure, but we did not have an opportunity to observe Ozark big-eared bats under such conditions.
Between the 1st week of June and the 2nd week of July, when young bats presumably were getting most of their nourishment from mothers, bats emerged from the maternity cave later than before parturition or after the young were volant ( 2 ϭ 5.44, d.f. ϭ 1, P ϭ 0.02). Mean emergence while the young were dependent was 23.9 Ϯ 3.2 min after sunset (0-45 min, n ϭ 13 nights), but it was 19.7 Ϯ 1.8 min after sunset during the rest of the reproductive period (0-30 min, n ϭ 16).
DISCUSSION
Winter activity.-The high amount of activity and apparent shifting in and out of the hibernaculum throughout winter by Ozark big-eared bats were consistent with our prediction and previously published results; B. K. (Kunz and Martin 1982; Twente 1955) . Winter activity that we documented was unlikely an artifact of our presence; by analyzing videotapes, we observed bats entering and exiting the hibernaculum throughout winter, regardless of whether we entered the cave. Nevertheless, we concur with Thomas (1995) that human visitation to hibernacula should be minimized to limit arousal of hibernating bats.
Activity of Ozark big-eared bats at below-freezing temperatures was unexpected. Bats may have left the cave to void waste materials or to fly to open water to drink (Avery 1985; Speakman and Racey 1989) . It was unknown if bats were able to forage efficiently in the vicinity of the hibernaculum, but insect abundance was very low during cold nights (Clark 1991) . Winter arousal (Thomas 1993) and flight (Avery 1985; Erkert 1982; Speakman and Racey 1989) have been documented for several species of insectivorous bats. Whitaker and Rissler (1993) maintain that insect remains found in the guano of bats during winter were remnants that cluster into fecal plugs.
We observed that most Ozark big-eared bats in hibernacula occurred in clusters. In contrast, Kunz and Martin (1982) found that the western subspecies of big-eared bat typically roosts singly in winter. We found hibernating bats in the coldest areas of caves with the coldest internal temperatures. The range of temperatures and relative humidities we recorded near hibernating bats were consistent with other studies on the Ozark big-eared bat in Oklahoma (Clark et al. 1996) and Arkansas (Harvey and Barkley 1990) .
Summer activity.-Contrary to our prediction, the timing of formation of the maternity colony varied between years, but as predicted, the activity of Ozark big-eared bats varied through the reproductive period. Temperate zone bats give birth and rear their young during summer, when food supplies are abundant and reliable (Kunz 1974) , but the exact timing of parturition and juvenile development may vary among years because of local environmental parameters (Humphrey et al. 1977) . During our study, females joined the maternity colony more gradually in 1987 than in 1988, and changes in numbers of emerging bats suggested that parturition probably occurred during a 2-to 3-week period. Therefore, it would be difficult to pick a single date to conduct an annual colony count. Unlike Bagley and Jacobs (1985) , we did not find that population counts remained stable over time.
Shifts in foraging activity of female Ozark big-eared bats throughout summer, relative to parturition and lactation, were very similar to those observed in Virginia big-eared bats (C. t. virginianus -Bagley and Jacobs 1985) and Myotis formosus (Shen and Lee 2000) . Unimodal activity throughout the night was noted before parturition, and trimodal activity was associated with newborn and nonvolant young (Fig. 4) . Watkins (1972) observed similar trimodal activity patterns for female evening bats (Nycticeius humeralis) when the young were 1 week old, reflecting the return of females throughout the night to suckle their young. Data collected during our radio tracking studies also corroborated the trimodal activity pattern of female Ozark big-eared bats during early lactation (Clark et al. 1993) .
Because females have high energy demands during lactation (Kurta et al. 1990 ), emergence of Ozark big-eared bats from the maternity roost later, relative to sunset, in June and July was unexpected (Shiel and Fairley 1999) . However, this pattern also has been observed for other bat species (Kunz 1974; McAney and Fairley 1988; Shen and Lee 2000) . Females may spend this extra time grooming and nursing their young before emerging to forage (Shen and Lee 2000) . Although it seems that lactating females should maximize their foraging time, the abundance of insects during summer (Clark 1991) probably offsets lost minutes. Another explanation for delayed emergence is the longer period of twilight in summer months (McAney and Fairley 1988) , which may inhibit emergence activity; however, our observations do not support this hypothesis.
After the young became volant, most Ozark big-eared bats left the cave after sunset and did not return until sunrise, presumably reflecting the decreased need of young to nurse. That pattern also has been noted for the cave myotis (M. velifer-Kunz 1974) . Anthony et al. (1981) reported an increased use of night roosts by little brown bats (M. lucifugus) after the young become volant, but telemetry studies of Ozark bigeared bats revealed no such roosts (Clark et al. 1993; Wethington et al. 1996) .
Activity patterns throughout the year.-Contrary to our predictions, no effect of cloud cover or other indices of brightness influenced emergence by Ozark big-eared bats. Because female Ozark big-eared bats at the maternity cave always roosted in dark recesses of the cave, they probably initiated flight within the cave as a result of daily biorhythms. Circling behavior of Ozark big-eared bats upon reaching the cave entrance before emergence may have represented light-sampling behavior (Twente 1955) , which may synchronize daily and seasonal activity with changing sunset time serving as the Zeitgeber (DeCoursey and DeCoursey 1964; Dwyer 1964; Herreid and Davis 1966) .
Some subspecies of C. townsendii appear to be late emergers because they do not leave roosts until little or no twilight remains (Kunz and Martin 1982) , but most C. t. ingens in our study emerged at sunset or shortly thereafter. Departure at dusk seems to be dependent on cloud cover and other elements of brightness for many bats (Erkert 1982; Fenton et al. 1977; Fleming and Heithaus 1986; Kunz 1974; Kunz and An-thony 1996; McAney and Fairley 1988; Prakash 1962; Stebbings 1968) , but other species do not delay activity in bright moonlight (Bell 1980; Fenton et al. 1977; Geggie and Fenton 1985; Usman et al. 1980) . Bats that remain active during bright periods of night may concentrate their foraging activity among shadows of trees, cliffs, or vertical structures to gain protection from predators (Fenton et al. 1977; Reith 1982; Rydell et al. 1996) . Ozark bigeared bats tend to forage extensively along woodland edges or clumps of trees (Clark et al. 1993) ; perhaps, this behavior provides protection from predators regardless of the brightness of moonlight. In contrast, Hecker and Brigham (1999) found that bats foraged at different heights in forest habitats during the lunar cycle; they suggested that this behavior was in response to shifts in the distribution of prey rather than predator avoidance.
Contrary to our prediction, emergence time of Ozark big-eared bats was not influenced by ambient temperature and relative humidity outside the cave or by rainfall. Time and duration of foraging of some bat species are affected by external ambient temperature and humidity (Lacki 1984; O'Farrell and Bradley 1970; Watkins 1972 ), but these factors do not alter activity patterns for other species (Avery 1987; Hecker and Brigham 1999) . Similarly, rainfall may delay or shorten foraging time of some bats (Fenton 1970) but not others (Fenton 1970; Hecker and Brigham 1999; Stebbings 1968) . Fenton (1970) noted that maternity colonies of females were less likely to delay foraging during storms, which may reflect the increased energy demand of lactation. Rydell et al. (1996) suggested that emergence of insectivorous bats was determined in part by timing of insect flights; interspecific differences in emergence times of bats were because of variation in prey selection and differential availability throughout the night.
Emergence and return of Ozark big-eared bats occurred in small groups. Bullock et al. (1987) suggested that clusters of bats might emerge together because of a bottleneck effect of a small opening of the cave; however, size of cave entrances, in our study, probably did not cause the grouping behavior we observed. Other studies indicated that bats might exit and enter caves in groups to facilitate information transfer (Wilkinson 1992) or for protection from predators (Speakman et al. 1995) . Twente (1955) conducted an experiment to determine how C. t. pallescens located nearby cave entrances. He observed that bats released one at a time near a cave entrance during daylight would join each other in flight. When some of the bats located the cave entrance and entered, the rest soon followed. Maintaining contact with conspecifics during foraging may promote grouping behavior of returning bats.
Our population-level study did not permit assessment of the behavior of individuals relative to variations in seasonal activity patterns. Given the federally endangered status of the Ozark big-eared bat (B. S. ), additional research is needed to determine whether individual variation affects intercolony mixing and ultimately genetic diveristy of this rare subspecies. 
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